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Abstract  
Cupric oxide (CuO) is one of the most promising p-type semiconducting materials used in p-n junction solar cells. Most of the 
researchers use electrochemical deposition (ECD) to deposit CuO film. However, it always requires a conductive substrate and 
the resulting film is porous. In this work, we demonstrated a simple method using an immersion technique to deposit 
nanostructured CuO for p-n solar cell application. Compared to ECD which end up with only pyramid-like structure, an 
immersion technique offers flexibility on the CuO nanostructures such as spheres, particles, diamond etc. This technique also 
offers higher deposition rate which allow deposition at thicker thickness. The adherence to the substrate can be manipulated 
depending on the pH of the solution. The resulting film was tested into a p-n solar cell using configuration of 
Au/ZnO/Cuo/ITO/glass. Although there is no efficiency obtained under the solar radiation, it shows a solar cell characteristic 
with open circuit voltage (Voc) of 1.5V. We also found that without annealing, CuO is crystalline. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
As the fossil fuel is gradually depleted and the global warming becomes the major issue, scientists are looking 
forward for green and renewable energy sources as the only solution. Solar cell is the most promising green and 
renewable energy sources which uses Sunlight as the source of energy. In order to preserve its green technology and 
compatible for the World’s ecosystem, thin film solar cell has been developed using metal oxide semiconductors 
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such as Titanium dioxide (TiO2), Zinc oxide (ZnO), Copper oxide (CuO and Cu2O) and Tin oxide (SnO2) [1]. 
Among these metal oxide materials, heterojunction solar cell made of ZnO and CuO/Cu2O has attracted a lot of 
interest due to their incident photon to energy conversion efficiency (IPCE) which is approaching 80 percent. Most 
of the researchers are focusing on the ZnO materials due to its wide applications and varieties of structures in 
nanotechnological manner [2]. On the other hand, only few efforts have been reported on the crystalline growth of 
CuO. In this paper, we demonstrate a simple fabrication technique to deposit crystalline CuO film at low temperature 
(90ºC). Therefore, the cost of fabrication is much lower compare with the chemical vapor deposition (CVD) and has 
more flexibility on the shape of structures compare with the electrochemical deposition (ECD) [3]. 
Cupric oxide also known as Copper (II) oxide exhibits a narrow bandgap (1.2eV in bulk) [4]. It is a well-known 
p-type semiconductor which normally in black or steel grey colour. Numerous methodologies have been used to 
synthesis nanoscale CuO with different shapes and dimensions such as zero-dimension (0D), one-dimension (1D), 
two-dimension (2D) and three-dimension (3D) nanoparticles. The key parameter properties of CuO are summarized 
in Table 1. The unique arrangement of atoms or molecules is known as crystal structure. The CuO belongs to the 
monoclinic crystal system, with a crystallographic point group of 2/m or C2h. The space group, lattice parameter and 
other crystallographic properties are collected in Table 2. The copper atom is surrounded by 4 oxygen atoms in an 
approximately square planar configuration as shown in Figure 1.  
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Fig. 1. Crystal structure of CuO [5].  
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Table 2. Crystallographic properties of CuO [5]. 
Parameters Value 
Space Group C2/c (No. 15) 
Unit Cell a = 4.6837 Ǻ 
b = 3.4226 Ǻ 
c = 5.1288 Ǻ 
β = 99.54º 
α,γ = 90º 
Cell Volume 81.08 Ǻ3 
Cell Content 4 [CuO] 











In a typical procedure, microscope glass slide (2cm × 2cm, 1.1 mm thickness) was ultrasonically cleaned in 
acetone for 10 minutes before rinsed with de-ionized water. Then, it was purge with nitrogen gas to dry. The sample 
was masked with Kapton tape to define its deposition area as indicated in Figure 2. After that, the sample was coated 
with 6 nm thick of gold (Au) by a direct current (d.c.) sputter coater (25mA, 15s). The thin layer of gold will act as 
the back contact for solar cell and catalyst which provide good adherence between the glass substrate and CuO film.  
In parallel, the standard solution for CuO immersion was prepared using an aqueous mixture of 0.4 M Copper (II) 
Pentahydrate (CuSO4.5H2O), 3 M lactic acid and 50 ml de-ionized water. The solution was stirred using a magnetic 
hotplate stirrer for 3 minutes. Then, sodium hydroxide (NaOH) was slowly added until the color of the solution turns 
bluish with pH 11.3. The pH reading was taken when the temperature of the solution drops to room temperature. In 
order to study the effects of precursor, Copper (II) Nitrate was also used to replace the Copper (II) Pentahydrate. 
The deposition process was started by placing the sample horizontally in a reagent bottle. Next, the solution was 
poured into the bottle and the bottle cap was carefully tightens to prevent leakage during heating. The deposition 
was done by a chamber furnace at temperature of 90ºC for 4 hours. Then, the sample was taken out from the 
solution and rinsed under de-ionized water to remove agglomeration and unwanted deposited particles. The sample 










Fig. 2. (a) Glass substrate masked with Kapton tape; (b) Sample before immersion; (c) Sample after immersion. 
Several characterization techniques were utilized to study the physical, mechanical and optical properties of CuO 
films. The list of equipment and characterization techniques is shown in Table 3. Field emission scanning electron 
microscope (FESEM, JEOL JSM7600), Ultra violet-visible spectroscopy (UV-Vis, Shimadzu 1800), Transmission 
electron microscope (TEM, FEI Tecnai), X-ray diffractometer (XRD, Panalytical Smartpowder), Energy dispersive 
X-ray (EDX, Oxford), and solar simulator were used to study the surface morphology, absorbance of the CuO films, 
crystallographic, structural, elemental analysis and solar cell performance, respectively.  
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Table 3. List of equipment and characterizations 
Equipment Characterization 
Field emission scanning electron microscope Surface morphology 
UV-Visible spectroscopy Absorbance 
Transmission electron microscope Crystallographic properties 
X-Ray Diffractometer Structural properties 
Energy Dispersice X-ray Elemental analysis 
Solar Simulator Solar cell performance 
3. Results and Discussion 
Figure 3 shows the FESEM results of CuO films deposited by immersion technique. As clearly seen in the figure, 
immersion technique offers flexibility to deposit variety of structures and shape by changing the parameters. Figure 
3(a) depicts the CuO film deposited using Copper (ii) Nitrate. As observed in the figure, dense spears are protruding 
from the surface and micron size flower (approximately 3μm) was grown. Figure 3(b) shows a combination of ball-
shaped CuO and ruler structure observed at the top surface of sample deposited using Copper (II) Sulfate 
Pentahydrate. Figure 3(c) shows a pyramid-shaped CuO was grown on cracked surface of CuO. In this 
characterization, the magnification of the FESEM measurement is not standardized to show the difference of surface 
morphologies when the parameters of immersion technique changed.  
Figure 4 shows the crystalline CuO film by TEM measurement prepared by scratching technique. All samples 
show almost the same results. Figure 4(a) indicates that very fine hairy structures were grown at the edge on CuO 
film. Figure 4(b) proves that the film is crystalline by observing the crystalline lattice from TEM and SAED. On the 
other hand, the presence of Cu and O elements as indicated in Figure 4(c) proves that the film is copper oxide. From 
the TEM measurement, it is proved that the CuO film prepared by immersion technique using 90ºC is crystalline. 
This finding is important for sensor fabrication especially involving printed circuit board (PCB) which requires 
preparation temperature lower than 100ºC.  
The XRD Figure 4 shows the plane for CuO at 2-thetha degree at 35.5º and 38.7º which belong to [11ͳത] and 
[111], respectively. The peaks confirmed that the films are CuO and has monoclinic structure [6]. The formation of 
CuO from the immersion technique can be described by a simple chemical equation as indicated in equation (1). 
Fig. 3. FESEM images of CuO film deposited using, (a) Copper (II) Nitrate; (b) Copper (II) Sulfate Pentahydrate 
(top surface); (c) Copper (II) Sulfate Pentahydrate (bottom surface). 
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Fig. 4. (a) TEM images of CuO sample; (b) Crystalline CuO film by TEM and SAED; (c) Energy dispersive X-ray 















Fig. 5. XRD spectra of CuO film deposited using, (a) Copper (II) Nitrate; (b) Copper (II) Sulfate Pentahydrate (top 
surface); (c) Copper (II) Sulfate Pentahydrate (bottom surface). 
22 HCuOOHCu o    (1) 
The absorbance of the CuO films is shown in Figure 5. By correlating the UV-Vis spectra with FESEM results in 
Figure 3, pyramid structure has less absorbance towards light compared to spear-like and ball-shaped structures. 
Since the processing parameters are not yet optimized, it is expected that the optical absorbance is not in its 
optimum performance. However, the sample can still be used to prove that immersion technique is capable of 
producing film for solar cell applications. 
4. Conclusion 
Cupric oxide (CuO) can be used for the application of thin film heterojunction solar cell. In this work, CuO films 
were prepared using immersion technique at temperature 90ºC. The results show that immersion technique offer 
flexibility to deposit variety of CuO structures which are useful for different applications. In addition, the prepared 
CuO films are crystalline which is suitable for electronic and sensor applications. The performance of the CuO films 
can be further enhanced by optimizing the parameters in immersion technique. 
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